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STUDY SCHEDULE NO. 39

For each study step, read the assigned pages first at your
usual speed, then reread slowly one or more times. Finish
with one quick reading to fix the important facts firmly
in your ming.. Stl@y each other step in this same way.

[ 1. Tuning Circuit Troubles......cvvvvviiiiivnenienennnn.....Pages 1-9

Usually, alignment is all that is needed when tuning circuits cause trouble.
However, sometimes other troubles may occur, such as shorted coil turns, exces-
sive leakage or increased series resistance. These cause troubles which can be
localized by the usual effect-to-cause reasoning or stage elimination procedures.
You can then find whether the tuning circuit is at fault by noting whether the
trimmer tunes broadly, whether a readjustment produces better results or
whether it is impossible to reach a peak. All these clues point to definite tuning
circuit conditions.

[] 2. Preliminary Considerations for Superheterodyne Alignment. . ...Pages 9-16

Before starting to align a receiver, you must locate the trimmers, have the
necessary equipment and properly set the receiver dial and controls. This
section explains these preliminary steps in detail.

[0 3. Methods of Alignment...........coevvevieeneennnnen....Pages 16-23

The method to follow depends on whether the receiver is just being “trimmed”’
for better results, or whether it is badly out of alignment, due to tampering.
Also, different procedures are followed for the different types of all-wave receivers.
Learn the basic alignment procedures “backwards and forwards”—you can
then go on to all-wave sets and unusual cases with confidence. Remember,
some practice will be necessary before these operations bewme “second nature”
to you. ,

[] 4. Special Alignment Cases.......covvvvveueneennnenen......Pages 23-28

Here are details on special jobs, such as F. M. receivers, receivers using regenera-
tion, T. R. F. sets and variable selectivity receivers. You can always refer
to these instructions when in doubt as to the proper method to use. The rules
are simple, though, so you will find practice soon fixes them in your mind.

[J 5. Answer Lesson Questions and Mail Your Answers to N. R. .

[J 6. Start Studying the Next Lesson.
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TUNING CIRCUIT TROUBLES

ALIGNMENT

Tuning Circuit Troubles

IN THIS lesson you will learn how

the professional serviceman gives
quick, accurate service for another
class of receiver troubles, those con-
nected with defects or misalignment
of the tuning circuits. You have al-
ready learned the professional meth-
ods of finding a defective part in the
supply circuits of a receiver. These
methods might be called the “ground-
work” of radio servicing, which gives
you a basis for your career as a ser-
viceman. Now we are going to take
you a big step further, with the ability
to handle tuning circuit troubles and
alignment. The man who can work
with the same speed and accuracy on
any receiver brought in for service
and is not limited just to simple types
of receiver breakdowns is in a special
class, far above the average “repair-
man” in profits and in professional
standing.
p With tuning circuit troubles, ef-
fect-to-cause reasoning is of the great-
est importance and will save the ser-
viceman large amounts of his most
precious commodity—time. The ac-
tual defect may be an open circuit,
short circuit, increased series resist-
ance, change in coil Q, ete., but these
troubles are unique in that the manner
in which the receiver reacts, when
tuned or when alignment adjustments
are made, often serves to localize the
trouble.

We will show first how to apply
this principle to complaints associated

with the tuning circuits—weak recep-
tion, poor selectivity, dead spots and
station interference. Then we will
cover alignment procedures fully, and
you will learn just how to restore
maximum sensitivity and selectivity
to a receiver.

WEAK RECEPTION

When the customer says “weak re-

ception,” he means either low volume
or poor sensitivity. If both local and
distant stations are weak, the audio
stages are likely at fault. If distant
stations only are missing, or if they
come in at the wrong points on the
dial, the r.f. section contains the de-
fect, so we will deal only with poor
sensitivity here.
P Question the customer carefully.
If the trouble came suddenly, it is
probably a supply -circuit failure,
whereas a gradual loss of pep is more
often in the tuning ecircuits or in
alignment. The stage and parts isola-
tion techniques you have already
learned should generally be applied
first, to make sure the trouble is not
caused by a defect in a tube or sup-
ply circuit.

Alignment may be off in one stage
or in several. With all stages slightly
out of line, the over-all sensitivity
will be low, but individual stages may
be close enough to normal to give mis-
leading results when using a signal
tracer. Such slight misalignment may
oceur from aging of the trimmers,



destroying their springiness so their
plates change position. )

A slight shift of all trimmers in

the same direction would merely cause
a change in the dial reading of sta-
tion reception; a 1400-ke. station
would come in at 1420 ke., say. How-
ever, it is more likely that one stage
will be off in one direction and an-
other stage in the other direction.
Then, when the set is tuned, each
stage reduces the signal. Tuning for
better response in one transformer re-
duces it in the other, so that the total
effect is one of weak response with
broader tuning than normal.
p How can we make a quick test to
determine whether or not weak recep-
tion is due to misalignment? Move a
suspected trimmer adjuster slightly
in one direction and then in the
other; any signal increase when a
trimmer is moved slightly indicates
misalignment. If only decreases are
found, alignment is probably not at
fault and the trimmer should be re-
stored to its original setting.

Don’t blindly “play” with the trim-
mers on a set. Complete alignment
may be necessary in any case if you
move the trimmers any great amount
in making tests.

» Weak reception naturally results
when the oscillator frequency shifts,
because it is necessary to tune the
receiver dial to a different point than
that where the preselector was aligned,
so the preselector cuts down the sig-
nals by being tuned off-resonance.
Another clue to this is the fact that
stations come in at the wrong dial
points. Also, there would be an un-
usual amount of noise, because the
preselector fails to pass enough signal
to over-ride the converter noise.

» Weak reception can be caused in
the tuning circuits not only by mis-
alignment, but by defects which lower
the Q. Corroded connections, intro-
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ducing resistance in the tuned circuit,,
leakage paths across the coil or con-
denser, or moisture absorbed by the
coil will all lower the Q and reduce
the step-up of the tuned circuit. A
careful check of the trimmer adjust-
ments will help in finding a low Q cir-
cuit. A tuned circuit with proper Q
will come to a sharp peak as the trim-
mer is adjusted. If the trimmer has
very little effect on the signal, with
broad adjustment—no sharp resonant
point—look for the defects which
lower Q.

Considerable experience with radio

receivers will be necessary before you
can judge the normal sharpness of
adjustment of a tuned circuit. A pre-
selector circuit, for example, is rather
broad anyway. In other cases, the
design of the receiver may be such
that it is intended to have much
sharper tuning than you at first ex-
pect, so you might overlook the faet
that the set tunes more broadly than
it should. Be sure to note the results
of your first alignment jobs carefully,
so you can develop the ability to judge
whether or not you are getting a nor-
mal trimmer adjustment.
» When a trimmer adjusts properly,
it should be possible to pass through a
point of maximum response. In other
words, as you adjust the trimmer you
reach a maximum, and further turn-
ing in the same direction causes re-
sponse to fall off again.

Should you notice that as you turn
the trimmer in or out, the volume
steadily rises but you never reach or
pass through a maximum peak, there
is something wrong with the condenser
or coil in the tuned circuit or the
wrong frequency is being used.

p From the foregoing, you can see
that weak reception, if combined with
loss of the distant stations or mis-
placement of stations on the dial or
a lack of proper peaking of the

——

trimmers, points to a tuning circuit
trouble. Usually, if the alignment
seems to be fairly good and the trim-
mers show a reasonably good peak,
the trouble is not in the tuning circuit.

DEAD SPOTS IN A RECEPTION
BAND

There are three cases where dead
spots may occur. In all instances of
dead spots, you have an r.f. trouble.
However, sometimes the tuning cir-
cuits are not at fault.

Case 1. In this case there is no
signal received at all, except for one
low-frequency station. Usually this
one station comes in over the entire
low-frequency end of the band.

This invariably means that the os-
cillator in a superheterodyne receiver
has stopped operating. Without oscil-
lator voltage, the first detector may
become an amplifier, and with the
help of the preselector may force a
low-frequency station through the i.f.
amplifier. Such single-station recep-
tion means we must restore operation
to the oscillator stage.

Case 2. In the next case, signals
are picked up either at the low-fre-
quency or the high-frequency end of
the dial, but not at both ends.

When signals are received only at
the low-frequency end of the dial and
at approximately their normal posi-
tion, this usually means that the oscil-
lator stops at the high-frequency end.
However, it is possible that the oscil-
lator may be misaligned so that it
tracks with the preselector only at
the low-frequency end of a band.

If signals are received only at the
high-frequency end of the dial, the
tuning condenser gang may be short-
circuited at the low-frequency end by
a bent plate or dust and metal parti-
cles between the plates. If you do not
find any rotor plates which appear to
be touching a stator plate, particu-

larly if no unusual noises are heard as
the gang condenser is rotated, the os-
cillator may be stopping or again we
may have a case of misalignment.
Measure for a voltage across the oscil-
lator grid resistor, if one is used. Lack
of voltage over the portion of the
dial where no signals are received
indicates that the oscillator stops on
that section of the dial.

Oscillator Troubles. The cure for various
oscillator troubles depends on the type of
circuit in use. Fig. I shows a typical circuit
using & pentode tube as a combination
mixer-oscillator. When the tube ages it
may fail to oscillate at the low-frequency
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FIG. 1. A typical pentode type mixer-oscillator
stage.

end of the band. Replacing the tube may
be only a temporary cure, as these circuits
are sometimes designed for selected tubes.
In such cases, reduce the value of the oscil-
lator bias resistor R; by about one-third of
its original value. Thus, if the resistor was
originally 9000 ohms, replace it with a 6000-
ohm resistor.

By-pass condenser Cs may cause trouble
and should be replaced if a smaller resistor
does not help.

High-resistance connections in the tank
circuit Ly-Ca-C. could also cause this trouble
80 go over each joint in the circuit with a
hot soldering iron. Electrical connections
are usually made to the stator of the tuning
condenser through the bolts holding the



stator in place. Corrosion between the
threads of the bolts and the stator assembly
may form a high-resistance joint. Usually,
simply loosening and tightening these bolts
one at a time is enough to remove the cor-
rosion and the resistance.

If oscillation stops at the high-frequency
end of the dial, the trouble is generally in-
creased rf. resistance in the tank circuit,
lowering the coil Q. Moisture absorption
by the oscillator coil form is to be suspected.
Either replace the oscillator coil or remove
it and dry it out in an oven. After baking,
the coil should be dipped in melted paraffin
to prevent further trouble of this kind.
Cracked mica in if. trimmer Cs or low-
frequency padder C.: will also cause this
oscillator trouble.

P A typical pentagrid-converter tube cir-
cuit is shown in Fig. 2. If this circuit re-
fuses to oscillate at the low-frequency end
of the dial, the trouble may be due to high-

—o B+

FIG. 2. The standard pentagrid-converter, func-
tioning as a mixer-oscillator.

resistance joints in the tuned circuit. If an
extra peppy tube is required to maintain
oscillation, the ability of the oscillator to
perform may be improved by increasing the
value of the oscillator grid resistor R.. Gen-
erally, a value between 50,000 and 75,000
ohms should be used with 6.3-volt tubes;
too large a resistor will cause blocking of
the oscillator.

Where battery pentagrid-converter tubes
are used, oscillator failure can often be
traced to lowered filament voltage. The
circuit-disturbance test will indicate that
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the mixer section is alive but the oscillator
simply will not function. The remedy is to
replace the A battery or to use a more
peppy tube. In the case of the 14-volt
types particularly, the value of the grid
resistor B2 may have to be increased up to
as high as 275,000 ohms.

Case 3. In this case signals are
received at both ends of the dial, but
not satisfactorily in the middle. This
is a rather interesting case of mis-
alignment.

Curve 1 in Fig. 3 represents the pre-
selector alignment of a typical re-
ceiver. As the dial of the receiver
is changed from 0 to 100, the band
from 1500 to 500 kilocycles is cov-
ered.

If the if. is 260 kilocycles, the
proper oscillator tracking is shown
by curve 2. The oscillator range must
be from 1760 to 760 ke., in order to
receive all frequencies in the band.
Curves 1 and 2 are exactly parallel,
having the same spacing (260 ke.)
between them at all points.

In many receivers, the adjustable
range of the high-frequency trimmer
is so great that it is possible to switch
the oscillator frequency below the in-
coming frequency instead of above it,
particularly in the older receivers hav-
ing low intermediate frequencies such
as 175 ke. or 260 ke. (In receivers
having higher i.f. values, this trouble
will normally be encountered only on
the short-wave bands.)

Naturally the if. value will be
produced whether the oscillator is
above or below the incoming fre-
quency, so long as the difference is
equal to the i.f. Therefore, if we ad-
just the oscillator to produce 1240 ke.,
a 1500-ke. signal can be received, as a
260-ke. i.f. is produced. If the oseil-
lator now ranged from 1240 ke. to
240 ke., the difference between the
oscillator frequency and the incoming
signal would again produce the if.
signal at all points on the dial. Again

we would have a curve parallel to
curve 1, but underneath it.

However, the usual oscillator cir-
cuit will not work this way, as the
tuning circuit values force it to be
above the incoming frequency at the
low-frequency end of the band, even
though it is below the signal at the
high-frequency end. (The only time
this will not be true is when the oscil-
lator is specially designed, as in cer-
tain ultra - high - frequency wave
bands.)

Thus, if you have an improperly
adjusted trimmer, putting the oscilla-
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FIG. 3. Curves showing how cross-over pro-

duces improper tracking.
tor below the signal at the high end of
the dial, the frequency of the oscil-
lator will usually range as shown in
curve 3 of Fig. 3—it will “cross over”
to be above the signal at the other end
of the dial, so this condition is called
“cross-over.”

With this condition, stations at the
high-frequency end of the dial will be
received, and so will stations near the
low-frequency end of the dial, be-
cause in both instances the oscillator
frequency is such that the desired i.f.
can be produced. However, at the
center of the band, the oscillator fre-
quency approaches and may even be
the same value as the preselector
alignment. As a result, we would have
to tune away from the correct dial
position, to produce the i.f. This de-
tunes the preselector so stations in the

middle of the band will be attenuated
to such an extent that they will not
be received.

p The way to avoid cross-over, when
aligning the standard receiver, is to
be sure that the oscillator frequency
is above the incoming frequency.
When aligning the oscillator, rotate
the high-frequency oscillator trimmer
throughout its range. If you find that
there are two oscillator trimmer posi-
tions which give a maximum output,
choose the trimmer position which has
lower capacity (plates more open)
and the oscillator will be above the
incoming signal.

POOR SELECTIVITY

In general, poor selectivity means
that when attempting to pick up one
station, another station 10 or 20 ke.
away is heard at the same time.

p Poor selectivity is common in
t.r.f. receivers. Here, a check of the
alignment is desirable. In addition,
check for missing shields since this
will frequently permit some circuit
nearer the detector to pick up an
undesired signal in such a way that
it does not have to pass through the
tuning circuits.

p With superheterodyne type re-
ceivers, broad tuning is not a common
complaint. However, certain design
conditions may produce the symp-
toms of poor selectivity.

The automatic volume control ecir-
cuit will affect the broadness of re-
sponse of a receiver. When you tune
in a local station exactly, the a.v.c.
voltage reduces the sensitivity of the
i.f. amplifier a great amount. As you
tune away from the proper dial posi-
tion, however, the reduction in signal
strength also reduces the a.v.c.
voltage and increases sensitivity so
that the receiver tends to “hold” the
strong signal past its true dial posi-
tion. In fact, the local station may



be held to such a point that the signal
sounds distorted due to side-band cut-
ting in the tuned circuits. Any other
stations which are tuned within the
“holding” range will suffer interfer-
ence. However, the local station will
not be interfered with itself, because
the a.v.c. reduction in sensitivity will
discriminate against weaker stations
on the same frequency as the local.
p As another instance of design af-
fecting selectivity, consider the high-
fidelity receiver. In this type, the i.f.
amplifier is band-passed to give a
broad response. The selectivity curve
is not sharp but instead has a broad
top with fairly steep sides, which is
very necessary for high fidelity. How-
ever, you will frequently encounter
owners of receivers of this type who
complain of the lack of selectivity.
In these cases selectivity can be
improved only at the expense of fidel-
ity, unless it is possible to make use of
wave traps or other similar devices,
or to change the antenna. Surpris-
ingly, you will find that sometimes a
smaller antenna, and other times a
larger antenna may be necessary.
With the larger antenna, usually the
stronger stations will develop more
a.v.c. voltage, which will tend to
lower the sensitivity of the receiver to
a point where perhaps the interfering
stations will not be picked up. On the
other hand, sometimes a smaller an-
tenna will diseriminate against the in-
!:erfering stations, particularly when
it is erected in such a direction that
the desired stations are favored.
p Should the i.f. amplifier of a re-
ceiver be out of alignment, the selec-
tivity of the receiver may be broad-
ened. When this occurs, we have a
real case of poor selectivity which
ahgr_)ment can correct. Unless you are
familiar with the characteristics of
the particular receiver, you may find
it impossible to determine whether the

6
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condition is due to the design of the
set or to misalignment. In such a case,
try realigning the receiver to note
whether this makes any improvement.
Improper alignment will cause some
loss of sensitivity, so the character-
istics of a set with poor selectivity
because of misalighment would be:
Strong local stations spread over the
dial without a great amount of dis-
tortion; local stations blank out dis-
tant stations; distant stations are
weak.

p Lack of selectivity can be pro-
duced by lowered Q also, produced by
such circuit defects as moisture and
dirt in coils or in condenser wiping
contacts, all of which will lower the
circuit Q and the selectivity. If a
stage is overloaded, the positive signal
peaks cause a grid current flow and
make a conductive path between the
grid and cathode, which places a fairly
low resistance across the grid resonant
circuit, thus lowering Q.

P As you can see, poor selectivity
may be due to ecircuit defects, to
misalignment or to the design of the
receiver. Localizing the trouble to
one stage by using a signal tracer or
signal generator, then testing selectiv-
ity and gain by shifting trimmer set-
tings will prove whether alignment
or a circuit defect is the trouble.

INTERFERENCE

Station Interference. There are
two kinds of station interference. In
one case the interfering station is on
the same frequency as the desired sta-
tion, and in the other case the inter-
fering station is on a frequency more
than 40 or 50 ke. away from the de-
sired frequency.

p When the interfering station is on
exactly the same frequency as the
desired one, the receiver’s tuning cir-
cuits cannot possibly separate the two
and there is nothing to do but try

different antenna systems. We must
either increase the strength of the
desired signal so that the a.v.c. can
lower the sensitivity of the set enough
to cause the interfering station to
drop out, or we must erect an antenna
system which will discriminate against
the unwanted station.

p In the other case, where a strong
local station causes interference over
40 or 50 ke. on the dial, the local sig-
nal is usually getting into the re-
ceiver without passing through the
tuned circuits. Absence of shielding
may permit this signal to get directly
into the second detector, or it may
come in over the power line and be
radiated to some signal circuit.

In these cases, by-passing the power
line, installing proper shielding, and
sometimes using a wave trap in the
antenna circuit to reduce the amount
of energy from the interfering station
will usually eliminate the trouble. Un-
der ordinary circumstances, this is
not a condition which alignment will
help at all. Remember, the tuned cir-
cuits provide selectivity only because
they are resonant to a particular fre-
quency to which they happen to be
tuned at the moment. If a station
quite far removed from that fre-
quency is so powerful that it can force
its way through, or can get into the
circuit at some point other than
through the normal paths, the tuned
circuits cannot be considered at fault.

LF. Interference. The usual super-
heterodyne receiver will have an i.f.
somewhere in the 175 to 465-kc. range.
Any local commercial or government
station that happens to have a fre-
quency the same as the i.f. value may
force its way through the preselector
and then be amplified by the if.
stages to give interference. You can
recognize this condition usually by the
fact that this interfering station is
heard over a wide range of the station

dial, particularly at the low-frequency
end, since at these positions the pre-
selector is less effective in its rejection.
More important, the signal will be
code or a type of message quite dis-
tinet from a broadcast signal.

The offending station need not be
at the i.f. value—it may be at some
subharmonic and still interfere. If the
i.f. is 460, a 230-kc. station can pro-
duce in the r.f. stage or first detector a
second harmonic of 460 ke. which
causes interference.

Since the interfering code station
is on the if. or is some sub value
of this frequency, we might at once
believe that the cure is to shift the
i.f. value of the set somewhat. Where
it is possible to do this, all we need
to do is tune the i.f. 5 or 10 ke. away
from the interference and it will be
entirely cleared up.

If the receiver design does not per-

mit an i.f. shift without upsetting the
dial tracking, it may be necessary to
add shielding to any exposed coils or
tubes to eliminate any direct pickup
from the interfering station. Some-
times, r.f. filters in the power line
will prove helpful.
p However, before doing this, exam-
ine the set or diagram carefully. Many
receivers have built-in i.f. wave traps
in the antenna circuit which are tuned
to the i.f. and will usually block any
signal of that frequency out of the
receiver.

If the set has no i.f. trap, one can
frequently be added. The proper type
will depend on the type of receiver.-
A parallel-resonant circuit may not be
effective in the antenna lead if the re-
ceiver input circuit is of high imped-
ance, while a series-resonant circuit
shunted across the receiver antenna
and ground posts will not be effective
if the receiver has a low input imped-
ance. Try both types of traps to see
which works better.

7



Image Interference. A signal fre-
quency above the oscillator frequency
by the i.f. value will cause interfer-
ence, if it can get through the pre-
selector. We assume the station hav-
ing a frequency below the oscillator
frequency by the i.f. value is the de-
sired station and is tuned in by the
preselector. Since the undesired signal
is of the proper frequency to produce
an if. signal, it is called the “image
signal.”

The existence of image interference
depends on the selectivity of the pre-
selector and on the if. value. The
lower the i.f. value, the greater should
the preselector selectivity be, because
a low i.f. puts the image signal closer
in frequency to the desired signal.
High i.f. values of about 460 ke. per-
mit less-selective preselectors, for now
when the receiver is set to, let us say
600 ke., the image signal for a 460-ke.
i.f. system will be 600 - 460 + 460 =
1520 ke.; even a single-tuned-cireuit
preselector can separate frequencies
so far apart.

Usually image interference oceurs
when a weak station is tuned in and a
strong local is at the image frequency.
Under these conditions, the a.v.c.
voltage is low and the stages ‘are run-
ning almost “wide open” (high gain).

You can recognize the trouble as
image interference if you can recog-
nize the program on the interfering
station as coming from a station
which is twice the i.f. above a desired
station frequency.

P If a single station comes in at two
points on the dial, one correct and the
other an image point, without causing
interference, the action is called dou-
ble-spot tuning. Often no action is
taken to correct this, as long as no
interference results.

P There are two usual remedies for
images which do cause interference.
Where one local is giving trouble, a
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wave trap will usually reduce its pene-
tration sufficiently to eliminate image
interference. You may also shift the
1.f. value so the image signal will come
in at a dial position where it will not
be objectionable. Complete alignment
of the i.f. and preselector stages is im-
portant, and any defect that reduces
stage selectivity should be eliminated.

Oscillator Harmonic Interfer-
ence. We have so far assumed that
the oscillator generates only one sig-
nal at a time. You realize, of course,
that the average receiver oscillator
will produce a series of harmonics
which can combine with some local
high-frequency station to give inter-
ference.

For example, the receiver is tuned
to 1200 ke.; the i.f. is 460 ke. The
fundamental oscillator frequency is
460 4- 1200 = 1660 ke. TIts second
harmonic is 3320 ke. A station 460 ke.
above or below 3320 ke. can produce
the intermediate frequency. A gov-
ernment station in your locality may
operate on one of these frequencies
with sufficient strength to penetrate
the preselector, giving squeals and
station interference. Also, this ex-
plains why police calls are sometimes
received on the broadeast band.
Should these signals interfere with de-
sired stations, a shift of the i.f., or the
use of a wave trap tuned to the of-
fender are the usual remedies.

Intermodulation Interference.
This interference usually occurs in lo-
calities where many high-powered
broadcasters exist. Let us say we have
this combination of conditions—the
1.f. is 260, two local stations exist, one
of 1000 ke., the other 1260 ke. Both
signals are strong enough to penetrate
the preselector. Once they get to the
first detector, they will combine to
produce a signal at 260 ke. which
rides through the i.f. stages. You will

hear garbled programs over a wide
tuning range, being strongest in the
1000 to 1260-ke. tuning range.

If you suspect this trouble, elu‘m-
nate temporarily the oscillator action
(short oscillator tuning condenser,.or
pull out tube if separate). If tl}e in-
terference continues, you have inter-
modulation interference. The logical
solution is to change the i.f. value.

Cross-talk. When a strong local
station rides in with one or more of
the other desired stations—sometimes
with all of them—and is not at a fre-
quency which can produce intermodu-
lation or image interference, the con-
dition is called “cross-talk” or “cross-
modulation.”

Cross-talk occurs because some-
thing in or near the radio is acting as
a rectifier. If the receiver is close
to a powerful local station, it is pos-
sible for this cross-modulation to oc-
cur in the receiver itself, by over-
loading one of the stages. A wave
trap will usually eliminate this kind
of cross-talk.

p In other instances, this cross-mod-
ulation is occurring outside the re-
ceiver, for instance in a poor or cor-
roded contact somewhere in the an-
tenna system. Such a contact may
conduct current better in one direc-

tion than in the other, forming a rec-
tifier.

To check for this, disconnect the
antenna entirely and move its lead-in
well away from the receiver. Try a
short indoor antenna to see if you can
pick up the desired station without
cross-modulation. If so, go over the
entire antenna installation carefully.
Be particularly suspicious of window
lead-in strips which use bronze or steel
clips for connecting to the copper le_ad-
in wire. This junction of dissimilar
metals is a frequent cause of trouble.
Eliminate the strip entirely as a test
for this condition, by connecting the
two ends of the lead-in wire together
directly. .

You may find that the plumbing or
heating system of the house w.i]l plc_k
up radio energy and will rectify this
energy due to poor joints in the sys-
tem. This energy will then be radi-
ated from the pipes and will be picke-d
up by the receiver. One clue to t}us
condition will be the fact that moving
the radio to your shop will apparently
clear up the trouble, while it recurs
as soon as the receiver is brought bgck
to its original location. Try moving
the receiver to another part of the
room, as this is often an effective way
of clearing up the trouble.

Preliminary Considerations for
Superheterodyne Alignment

A receiver may be out of alignment
because of aging of parts, from t.he
effect of heating and cooling,_ which
causes expansions and contx:actlons, or
you may have upset th.e ahgnmgnt in
your search for a tuning c1rcu1t.de-
fect. Regardless of the reason, align-
ment must be properly per-formed to
restore a radio to the maximum pep

and selectivity of which it is capablg.

We have given you so far in this
lesson the methods the advanced ser-
viceman uses to recognize and locate
tuning circuit defects, and to uncover
a case of misalignment. You are now
going to study alignment itself—how
to prepare the receiver for it, and then
exactly how to do it.



OSCILLATOR TYPES

All sections of a receiver determine
to some extent the location of a sta-
tion frequency on the station dial, but
the oscillator has far more influence
than any other circuit. Each receiver
is designed so that when the oscillator
is properly adjusted, the stations are
received at the proper points on the
dial scale, and all the tuning circuits
work effectively together.

Dial tracking depends on the de-
sign of the oscillator circuit, as you
learned in other lessons. Here is a
brief review of the basic circuits.

Type 1. The most used tracking
method uses a padding condenser in
series with the oscillator tuning con-
denser. The padding condenser re-
duces the tuning capacity in the os-
cillator circuit so that it will tune to
higher frequencies than will the pre-
selector.

This type of oscillator circuit re-
quires two adjustments, one at each
end of the band, to get proper track-
ing over the entire band. A trimmer
condenser, in parallel with the main
tuning condenser, is adjusted at the
high-frequency end of the band. Then
the padding condenser is adjusted at
the low-frequency end of the band.

Type 2. This circuit makes use
of a tuning condenser having specially
cut rotor plates for the oscillator.
These plates are cut so that they are
smaller physically than are the other
tuning condenser sections, so there is
less capacity in the oscillator tuning
condenser. It will therefore be auto-
matically tuned to higher frequencies

than the other sections.

A trimmer condenser is used for
high-frequency adjustment. However,
tracking over the entire frequency
range is now dependent upon the
proper design of the tuning condenser,
the oscillator and preselector coils,
and the choice of the proper inter-

mediate frequency. There is no pad-
ding condenser with this type of os-
cillator.

Type 3. The third type is used in
short-wave bands in many all-wave
receivers. A carefully selected fixed
condenser is used as the padder for
these particular short-wave bands.
The only adjustment which is made is
at the high-frequency end of the band.
The tracking at the low end of such a
band is then dependent upon the ac-
curacy with which the padding con-
denser was chosen, its ability to main-
tain its originally chosen value, and
the use of the proper i.f.

Type 4. Sometimes the oscillator
coil will have a movable powdered-
iron core so that its inductance can be
changed. If variable tuning con-
densers are used, the coil inductance
is adjusted for proper tracking at the
low-frequency end of the dial. This
type may be found with specially cut
oscillator tuning condensers or with
fixed padders. In either case, this
moving core is the low-frequency ad-
justment. (This is one case where
there will be a low-frequency adjust-
ment even with specially cut oscillator
plates.)

Type 5. Many modern receivers
do not use tuning condensers. In-
stead, fixed condensers are used, while
the preselector and oscillator coil in-
ductances are varied by the tuning
mechanism. In these cases, the coil in-
ductance is adjusted at the high-fre-
quency end of the band. Adjustments
are made by moving the coil with re-
spect to the core, or the cores can be
individually adjusted with respect to
the tuning mechanism. In a few cases,
high-frequency trimmers may be
found. If so, these are usually ad-
justed at the extreme high-frequency
end of the band, then the coils are ad-
justed at a somewhat lower frequency
(still near the high-frequency end,
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however). No low-frequency adjust-
ment is usually provided on these sets.

IDENTIFYING TRIMMERS

If at all possible, obtain and follow
the instructions of the manufacturer
of the receiver you are to align. This
is particularly true when you are just
beginning your service career, or the
receiver is a complicated type.

After you have gained experience,
you will know .the basic alignment
procedure to follow, but you will §till
find the manufacturer’s instructions
very helpful. In particular, you should
try to get information giving the po-
sition of the trimmers for the various
adjustments and wave bands. In ad-
dition, the manufacturer’s instructions
usually give the intermediate fre-
quency and the order in which the ad-
justments should be carried out.

If the manufacturer’s instructions
are not available, it will be necessary
to identify the trimmers on the re-
ceiver so the alignment can be prop-
erly made.

Single-Band Receivers. In a sin-
gle-band  superheterodyne of the
standard broadecast type, the i.f. trim-
mers will be inside the i.f. shield cans
in most instances, or will be mounted
very close to the if. coils. If the
cores of the i.f. coils are varied, the
adjustments will be right on the shield
can. If you don’t see the adjustments
on the top or side of the i.f. shields,
they may be underneath or at the
rear of the chassis.

Standard practice puts the high-f.re-
quency trimmers right on the tuning
condenser gang in a single-band re-
ceiver. It is rather rare to find them
elsewhere. )

An examination of the tuning con-
denser gang will show whether you
should expect a padding condenser. If

all of the rotor sections are the same
size, expect a padding condenser. This

may be most anywhere on the recerver
chassis. It may even be necessary to
trace to the padding condenser from
the oscillator.

On the other hand, if the oscilla-
tor section of the tuning condenser
gang has special cut plates, you have
no reason to expect the presence of a
padder, except where variable coil
cores are used.

If you see no tuning condensers, ex-
pect variable coil cores, plus other
trimmers in some instances.

p In checking the trimmer conden-
sers, you are very likely to find that

Alignment requires a signal generator and an
output meter. Separate instruments,' as shown
here, or a combination multimeter-signal gen-
erator can be used. The signal generator
furnishes a signal of known frequency and con-
trollable output. The adjustments are made for
maximum indication on the output meter. A
simple procedure, yet it is vital to the radio
performance that the proper steps be followed.

you have an extra trimmer or so. Con-
sider such extras carefully. They may
be wave trap adjustments, regenera-
tion controls or, on older receivers, an
if. adjustment for the individual
transformer feeding a separate a.v.c.
tube. The manufacturer’s instructions
should be followed in such cases, if
possible.

All-Wave Receivers. In all-wave

11



receivers, the i.f. amplifiers are just
like those used in a single-band re-
ceiver. When we come to the prob-
lem of identifying the preselector and
oscillator trimmers, however, we find
an increased number of trimmers. In
some instances, there may be separate
high-frequency trimmers and separate
padders for every wave band. In
others, there may be a complete set
of trimmers for certain bands and
only some of the trimmers on other
bands. More information will be given
on this when you come to the in-
str_uctions for aligning all-wave re-
ceivers.

EQUIPMENT

In order to align a receiver prop-
grly, a well calibrated signal generator
is a definite requirement. It is pos-
s?ble to align by using broadecast sta-
tions and a signal tracer, but the use
of a signal generator is much the pre-
ferred method.

You will require, in addition, some
kind of output meter. Alignment tools
will also aid in making the alignment.

Signal Generator. The s.g. (signal
generator) used for alignment pur-
poses should preferably be an all-wave
type, with accurate calibration, and
an attenuator or volume control to
vary the output from maximum all
the way to practically zero output.

. Signal Generator Connections. The
signal generator should have a con-
denser in series with the connecting
leads, to prevent the d.c. path through
the attenuator from short-circuiting
plate supply voltages or grid bias
voltages. If this condenser is not al-
ready included in the s.g., one should
be added. The condenser can be most
any size when aligning i.f. stages, as
1t just acts as a blocking condenser.

When a signal generator is con-
nected to the input of a receiver, it
replaces the regular antenna, which
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removes the effect of the regular an-
tenna inductance and capacity and
affects the alignment of the preselec-
tor circuit. The effect of the antenna
can be restored by using a “dummy
antenna” in series with the signal
generator hot lead. Recommended
values are a 200-mmf. condenser, a
20-microhenry coil and a 25-ohm re-
sistor in series for broadcast band
alignment. However, a condenser of
about 200 mmf{. can be used alone and
the alignment of the receiver will be
reasonably correct for the average an-
tenna. For the short-wave bands, a
400-ohm resistor is usually considered
a good dummy antenna and is placed
in series with the hot signal generator
lead.

P Receiver manufacturers will fre-
quently advise the use of rather elab-
orate coupling devices and dummy
antennas. In most instances these are
not an absolute requirement. When
the alignment of a receiver has been
properly carried out, the preselector
stage is the only stage which will be at
all out of alignment if you don’t use
these devices. Most servicemen make
a practice of touching up the preselec-
tor trimmers when the receiver is in-
stalled to compensate for antenna ef-
fects, in cases where distance reception
i1s an important requirement. This
has the advantage of correcting for
actual conditions.

P Another decoupling device which
Is occasionally used is the one shown
in Fig. 4. In many instances, a signal

generator is connected between the
grid circuit of a tube and ground.

U_nless a condenser is used in series

with the signal generator, the d.c. path

through the attenuator will short-

circuit the a.v.c. voltage supply. Also,

the resonant circuit may be tuned to

some frequency which will cause it

to act as a partial short circuit on the

output of a signal generator, thus

reducing the amount of energy which
can be fed into the circuit. In such
cases, the signal generator can be
coupled to the grid top cap through a
blocking condenser, and a resistor can
be placed in series with the grid cir-
cuit. The resistor has a value be-
tween 10,000 and 50,000 ohms and is
in series with the tuned circuit so far
as the signal generator is concerned,
so no matter how the tuned circuit
may be set, the signal generator is
feeding into an impedance at least
equal to the value of the resistor.

In the case of single-ended tubes,
which have their grid terminals on the
bottom, it is not easy to add the series
resistance. In such cases, the signal
generator is connected to the grid
terminal through a condenser, and the
tuned circuit is set near the low-fre-
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FIG. 4. An R-C coupler for the s.g.
quency end of the band, where its
effect is minimized.

Output Meter. The most common
output meter is an ordinary a.c. volt-
meter using a copper-oxide rectifier,
such as would be found in most any
service multimeter. Using a voltage
range of from 15 to 50 volts, this meter
is usually connected between the
plate of the output tube, point e in
Fig. 5, and chassis. (To prevent short-
circuiting the plate supply, a 600-volt
condenser rated at about .5 mfd. must
be used in series with this voltmeter,
if one is not already built into the

analyzer.)

The reason for using this position
is that the a.c. voltage is reasonably
high, and this is a point which is easy
to find, as any tube chart will give the
location of this socket terminal, which
can also be found by tracing back
from the output transformer.

Of course, if one has a lower-range
a.c. voltmeter, the connection can be
between d and ground or even between
b and ground. In each case it is nec-
essary to have a series blocking con-
denser to prevent d.c. current from
flowing through the a.c. rectifier.

Many servicemen make use of an
a.c. voltage range of from 1.5 to 3
volts, by connecting across the voice
coil of the loudspeaker. This is be-
tween terminal f and ground of Fig. 5.

All of these points will give equally
good indications, using the output of
a modulated signal generator. Usu-
ally, standard signal generators use a
modulating frequency of about 400
cycles, which is indicated adequately
with any standard a.c. voltmeter. It
is important that you realize in all
cases you are looking for an alignment
adjustment resulting in maximum re-
sponse rather than any particular
amount of response. You don’t care
whether the output is 10 volts or 12
volts or 25 volts, just so you have

obtained the most there is by adjust-
ing any particular trimmer.

Should the receiver have a tuning
indicator either of the meter or tuning-
eye type, you can use it to indicate
maximum response, because it works
from the automatic volume control
circuit of the receiver. This ¥ not
quite as accurate as using an output
meter, however, as the a.v.c. circuit
may level off.

A high-sensitivity d.c. voltmeter or
a d.c. vacuum tube voltmeter can be
used by measuring the a.v.c. voltage.
If the instrument does not indicate on
a.c., it may be connected between
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point b and ground of Fig. 5. If audio
signals might interfere, the signal gen-
erator can be used without modula-
tion, or the connection can be between
point a in the a.v.c. circuit and ground.

Point ¢ is an undesirable position
due to the presence of some r.f. volt-
age. It is also a more difficult point
to locate, as 12, may actually be inside
the i.f. transformer shield, while point
b is a terminal on the volume control
and is easy to locate.

Alignment Tools. The usual trim-
mer condenser adjustment is an ordi-
nary screw or, less often, a hexagonal
nut. In a few instances, two trimmers
will be combined, so there is a screw
in the center of a nut, both being
adjustable. Primary and secondary
trimmers of a single i.f. transformer
might be thus combined.

p Although we normally think of an
adjustment as varying a trimmer, in
many instances the inductance of the
coil will be changed instead. This
doesn’t matter, as the same basic
alignment procedure is still followed.

The same screwdriver or socket
wrench adjustment is made on a vari-
able core, except on the type where
the core is fastened on a plunger
which is held by a friction locking
nut. Here, the locking nut is released
and the plunger is then pushed in or
pulled out. A special hook-shaped
tool is recommended for this adjust-
ment.

P When the adjusting device is
grounded, any ordinary serewdriver or
socket, wrench of a suitable size can
be used for alignment. However, if
the adjustment is not grounded, an
ordinary metal serewdriver or socket
wrench and the operator’s hand will
add capacity to the circuit. When the
tool is removed, the circuit is no
longer in alignment. You can over-
adjust in an attempt to have the max-
imum occur when the tool is removed,
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but this is a guess-and-try method and
is not recommended. Instead, serv-
icemen use a tool made of a rod of
bakelite or other insulating material.
At the end there is a very small metal
screwdriver blade or a suitable socket
for adjusting purposes. As the body
of the rod is an insulating material
and there is only a very small amount
of metal in the device, body capacity
effects are practically eliminated.

CHECKING AND CORRECTING
DIAL CALIBRATION

Since proper dial tracking is one of
the important indications of the cor-
rect alignment procedure, it is nec-
essary that the dial itself be in the
proper relationship with respect to
the tuning condenser gang.

There are many kinds of receiver
dials, ranging all the way from those
used on inexpensive midgets, where
calibration marks may be only every
50 or 100 ke., to those on expensive
communication receivers where the
calibrations may be closer than 10 ke.
The closer the calibration marks, the
closer the alignment should bring the
stations to the proper points.

However, before we can align a re-
ceiver properly, we must be sure that
the dial itself has not slipped from
its proper position. An attempt at
alignment with respect to an erroneous
dial position will result in misalign-
ment of the receiver.

In some dial mechanisms, the dial
pointer is fastened mechanically right
to the shaft of the tuning condenser
gang, so that there is usually not
much trouble. In most cases, how-
ever, the dial pointer is operated by
gears or by a dial cord employing
friction at some point in the mecha-
nism, so there is considerable chance
of slippage.

p If the manufacturer’s instructions
are available, you will usually find
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information on checking the dial posi-
tion. In most instances, the pointer
should sweep over the entire calibra-
tion range of the dial face, with a
certain amount of overlap at each end.
There is often a calibration mark
either at the low-frequency or high-
frequency end of the band. If there
is such a mark, you are supposed to
set the dial pointer at that point, with
the tuning condenser gang either com-
pletely open or completely closed, as
the case may be.

In the case of dials having pointers
which sweep over a range of one-half
circle or 180°, the pointer is usually

IST AF. d_'

else misaligning the receiver, or if the
receiver is out of alignment anyway,
this may not be true.

SETTING RECEIVER CONTROLS

In setting the controls before align-
ment, follow the manufacturer’s in-
structions or the simple rules that
follow.

While the i.f. section is being
aligned, it is very desirable to set
the receiver tuning dial at some point
where no station is tuned in. Usually,
the manufacturer’s instructions will
have you set the dial at the low-fre-
quency end of the band, as there are

By

FIG. 5. Typical output meter connecting points are shown ata, b, c, d, e and f.

intended to be horizontal at each end
of the tuning range.

p Should no instructions be avail-
able, check the dial sweep. For ex-
ample, if you find the dial pointer
right on the end of the markings at
one end but with an over-sweep of
3% inch or more at the other end of
the dial, the pointer should be moved
so that the amount of overlap at both
ends is about the same.

If the dial slippage is not compli-
cated by misalignment, usually all the
stations will be off in the same direc-
tion, being 10 or 20 ke. high or low,
as the case may be. However, if the
dial slippage has resulted in someone

fewer stations picked up at this end
under normal conditions. Another
reason for this will be given when you
take up alignment procedures.

The high-frequency adjustment of
a receiver is usually given in terms of
some arbitrary setting such as 1400
ke., 1500 ke., or some other value. The
manufacturer is merely indicating a
value which can be used in a case
of this kind, and if you have a local
or interfering station on the recom-
mended frequency, you will naturally
shift a little to avoid such interfer-
ence. If 1400 ke. is recommended but
has an interfering station on it, you
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will go, for instance, to 1450 ke. or
some nearby value for alignment.

The same thing is true of the low-
frequency end. TUsually, 600 ke. is
recommended. Again, it may be that
you will find some local station inter-
feres. If so, use 580 ke. or 620 ke.,
or any nearby value which is free
from interference.

Naturally, during the alignment

procedure an external antenna is not
normally connected to the receiver.
However, it may still pick up strong
local stations, particularly if the set
uses a built-in loop antenna which
cannot be disconnected.
p The volume control on the receiver
may be set at any point which will
permit the output indicator to funec-
tion in a normal manner. It may be
desirable to turn down the volume
control to prevent the 400-cycle note
from being too loud, if the a.v.c. volt-
age is being used to indicate signal
strength.

But if the output meter is an a.c.
voltmeter in the audio amplifier, the

volume control setting must be high
enough to give a useful reading. Com-
mon practice is to set the volume con-
trol on the receiver at maximum and
control the signal with the signal
generator attenuator.

p The setting of the tone control
does not matter, as long as it has no
effect on the selectivity of the set. In
some instances the tone control will
change the selectivity by providing
band-spread in the i.f. amplifier. In
such cases, it should be set as de-
seribed when we discuss this type of
alignment.

p Of course, the wave-band switch
must be set for the band you are
aligning. When aligning the interme-
diate frequency amplifier, the wave-
band switch is normally set at the
broadcast band position.

p Should the set have automatic fre-
quency control, this control should be
turned off during the regular align-
ment procedure. The manufacturer’s
instructions should be consulted if
other special controls are found.

Methods of Alignment

We are now all ready to align, with
a signal generator and output indica-
tor at hand and with the receiver
thoroughly warmed by being turned
on for a half hour. This warming up
period is necessary because heat may
change the values of trimmers, etc.,
slightly, and the set should be lined
up in its operating condition. We
can now go through the actual align-
ment for several different conditions
and types of receivers.

BASIC ALIGNMENT
By far the most common service
condition will be the one where align-
ment is only slightly off. The set
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sensitivity and selectivity may be be-
low normal, and stations may have
shifted 10 or 20 ke. on the dial. How-
ever, the set is not completely out of
alignment, nor has it been tampered
with.

Presuming that you have carried
out all of the preliminary steps, you
can proceed as follows:

Step 1. Suppose the receiver is
similar to the one shown in Fig. 6.
Here we have a single-band, conven-
tional first-detector-oscillator tube
stage, followed by an intermediate
frequency stage, which in turn feeds
into the second detector.

The signal generator is connected
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between the control grid of the con-
verter tube (point b in Fig. 6) and
chassis to align the i.f. section. The
receiver is normally tuned to the low-
frequency end of the broadecast band,
at some point where no local station
interference will exist. Furthermore,
by tuning the receiver to the low-fre-
quency end of the dial, the tuned cir-
cuit L,-C, will not act quite so much
as a short circuit to the output from
the signal generator.

As mentioned previously, the signal
generator should have a condenser in
series with it to avoid short-circuiting
the a.v.c.

Should there be any trouble about
making the connection to the control
grid of the converter tube, many ser-
vicemen connect the oscillator to the
antenna and ground terminals of the
receiver (point a and chassis). If
the signal generator output is high
enough, it will force its way through
the preselector tuned circuit with suf-
ficient energy to permit proper align-
ment of the i.f. amplifier.

p With the signal generator con-
nected, it should then be set at the
i.f. value for the receiver. This can
be determined from the manufactur-
er’s instructions. If these instructions
are not available, it is usually rather
easy to determine the proper i.f. value.
Start with the signal generator near
500 ke., and reduce its frequency
slowly but steadily. The first signal
which comes through the set when
proceeding from 500 ke. downward, is
at or near the correct i.f. value. In
the past, standard intermediate fre-
quencies of 175, 260, 370, 455, 460,
465 and 480 ke. have been used. If
the value indicated by your signal
generator is near one of these frequen-
cies, you can shift to this standard
frequency and proceed with the align-
ment. Should there be any doubt
about the signal, tune the receiver

over a 20 or 30-kec. range. If the
signal varies or disappears, a signal
generator harmonic is coming through
the regular preselector channel. If
the signal remains about the same
strength, you have the signal coming
through at the i.f. value properly.

After the s.g. is set at the right
frequency and the signal is coming
through to the indicator, adjust con-
densers Cg, C;, Cs and C, to give max-
imum output. It is usually desirable
to go back over the trimmers, be-
cause there is a certain amount of
interaction between primary and sec-
ondary trimmers. You can start with
any of the four condensers and then
go to any of the others. Usually one
transformer pair is aligned before
going on to another transformer, how-
ever.

p In the if. amplifier stage shown
in Fig. 6, tuned primary and second-
ary (double-resonant) i.f. transform-
ers are used. These are extensively
used in supers, yet other types will be
encountered. Transformers having
only the primary or only the second-
ary tuned are often found in the less
expensive four-, five- and six-tube
supers. No difficulty should be expe-
rienced when you run across these
units, as the single adjustment per
transformer is made for maximum
output, as with other i.f. transformers.

If variable iron cores are used in-
stead of trimmers, the adjustment is
also for maximum output.

Remember, we are watching the
tuning indicator or the output meter
at all times to determine just when
the maximum is obtained. If you
turn a trimmer beyond the point of
maximum response, the output will
drop again, so you must turn back to
the maximum point.

Step 2. Having adjusted the i.f.
amplifier to the proper frequency, we
now move the signal generator to the
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antenna and ground terminals of the
receiver (if not already there).

Should the receiver input be a loop
antenna, either use a special loop
coupler or make one by using a short
piece of wire and making a two- or
three-turn loop with it. This wire
loop is then connected to the hot sig-
nal generator lead and is brought near
the receiver loop antenna.

The receiver dial is now set at the
highest frequency marked on the dial,
if it extends to 1600 or 1700 ke., and
the generator is set to the same
frequency. The oscillator high-fre-
quency trimmer (C, in Fig. 6) is then
adjusted for maximum response.

The dial and the generator are now
set at some frequency between 1400
and 1500 ke. and the preselector trim-
mers are adjusted for maximum out-
put, thus insuring better preselector
tracking at medium frequencies.
Should the maximum tuning range ex-
tend only to 1500 ke., the oscillator
and preselector can be adjusted at the
same frequency setting.

Step 3. The next adjustment is
made at the low-frequency end of the
dial, when the receiver has a padder.
The dial is then set somewhere near
600 ke. and the signal generator is
set to the same frequency. Then,
padding condenser Cj is adjusted. If
the dial calibration at the low-fre-
quency end of the band is not far off,
this adjustment is simply made for
maximum output.

Rocking. Should the dial calibra-
tion be off somewhat at the low-fre-
quency end of the band, it may then
be necessary to “rock” the low-fre-
quency adjustment. To do this, set
the signal generator at 600 ke., or
some similar frequency where no local
stations come in. Then tune the re-
ceiver for maximum response, disre-
garding the tuning dial setting alto-
gether. You may find that the 600-ke.
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signal from your signal generator
comes in at 610 ke.

Now turn the tuning dial slightly
in either direction from the maximum
response position and readjust the
padding condenser C5;. Notice whether
these two adjustments give a higher
output than the first position. If the
output decreases, turn the receiver
dial in the other direction. Pay no
attention to whether or not you are
approaching the correct point on the
dial during this first adjustment. All
you are trying to do is move the dial
and the padding condenser to find the
point where the actual maximum in
response is obtained.

For example, you may find that at
610 ke. the output is 20 volts. By
changing to 605 ke. and readjusting
the padder, the output may become 22
volts. As you go closer to 600 ke.,
the output may drop again. Go back
to the point which gave you maximum
response.

This procedure is known as “rock-
ing,” because you rock the dial back
and forth until you find the actual
resonant point of the preselector,
while you are adjusting the padder to
get the maximum output indication.

Step 4. Now return to 1400 ke.
and readjust C,, as there is an inter-
locking action between the low-fre-
quency and high-frequency adjust-
ments of the oscillator.

Step 5. Step 4 causes the padder
adjustment to be off somewhat, so
repeat Steps 3 and 4 until the signal
generator frequencies are picked up
at the correct points at both ends of
the band. The final adjustment is
made at the high-frequency end.

PROCEDURE FOR SETS FAR OUT
OF ALIGNMENT

The alignment procedure described

next is like the basic alignment pro-

cedure, except that methods are added

to handle a set that has been tampered
with, so that it is far out of line.

LF. Alignment. We must first de-
cide what the correct i.f. value is for
the particular receiver. If the manu-
facturer’s instructions are not avail-
able, look for a service manual listing
intermediate frequencies. Failing this,
consider the type of receiver and its
approximate age. Most of the recent
receivers have intermediate frequen-
cies between 455 and 480 ke. As a
starter, therefore, you can use one of
these frequencies on any standard re-
ceiver made in the last five years or
so. On older sets, as your first trial,
find and use some frequency which
allows adjustment of the i.f. trimmers
near the center of their ranges. Trim-
mer condensers should not be wide
open, nor should they be completely
tight. One-quarter to one turn back
from the tight position is usually the
correct range.

When the if. amplifier is far out
of alignment, it will usually be nec-
essary to feed the signal generator
output through fewer tuned circuits.

Therefore, you will have to move the
signal generator along as you align,
starting near the second detector and
moving back toward the input. This
is particularly necessary when two i.f.
stages are used.

In a circuit such as shown in Fig.
6, we should start the alignment with
the signal generator connected to
point d.

If the adjustment is too far away
from the correct i.f. value, no signal
may go through transformer 7', until
you find for what frequency it hap-
pens to be adjusted. You should vary
your signal generator over a wide
range, until a signal comes through
the transformer, permitting the adjust-
ment of trimmer condensers Cs and C,
for maximum response. If you are
far away from the correct i.f. value,
you can now move the signal genera-
tor toward the proper value until you
can just barely hear the signal. Then
readjust Cg and C, for maximum out-
put at the new setting. Repeat this
procedure until you have brought this
transformer up to the right i.f. value.
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FIG. 6. This single-band superheterodyne diagram shows the connecting points for the s.g.
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p After getting Cs and C, to the cor-
rect if. value, move the generator
back to point b to adjust Ce and C,.
With the i.f. tube amplifying nor-
mally and with transformer T's tuned
to the right frequency, it is usually
possible to force the correct frequency
through transformer 7T,. Condensers
Ce and C, are then adjusted for max-
imum output.

p For the final adjustment, leave
the signal generator at point b and

that stage in order to force a signal
through the converter tuned -circuit
first, before moving back to the an-
tenna for final preselector alignment.

With the preselector in reasonable
alignment, you should examine care-
fully the calibration of the dial scale.
If the receiver makes use of a padding
condenser, the foregoing adjustments
will probably give a reasonable track-
ing. On the other hand, should the
oscillator be one of the cut-plate type,
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FIG. 7. An all-wave receiver with independent bands.

readjust all four trimmers for maxi-
mum output, following the simple
basic procedure.

Preselector and Oscillator. If
there is no r.f. stage in the preselector,
we can now move the signal generator
to the antenna and ground terminals
and proceed with the oscillator and
preselector alignment in the manner
described before. It will definitely be
necessary to rock the dial at 600 ke.
if a padding condenser is provided.

If there is a radio frequency stage,
we may have to go to the plate of

the stations at the low-frequency end
of the band may be considerably off
from the proper dial position, indi-
cating an incorrect i.f. value. If the
station comes in at a higher frequency
setting, use a lower i.f. value, and vice
versa. Shift the i.f. 10 ke. or so as
trials, and then realign the receiver to
see how this affects the dial calibra-
tion.

FURTHER ADJUSTMENTS

Although we have adjusted the
high- and low-frequency ends of the
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band, tracking in between will depend
on the tolerance of the tuning con-
densers and coils. In most cases, the
alignment will be entirely satisfactory.
However, to insure exact tracking at
more dial frequencies, many receivers
have tuning condensers with segments
or slots cut in the end rotor plates of
each section. By bending these seg-
ments properly, the capacity can be
changed to correct the alignment over
the entire tuning range, where the
maximum is to be obtained. You
would set the station dial near the
high-frequency end, so the first seg-
ment meshes with the stator—note
dial frequency value—set the signal
generator to this frequency, and bend
the segment on each section either
out or in to give maximum output.
Use an insulated aligning tool or
probe and, before making a perma-
nent bend, move the segment first one
way and then the other to determine
which way gives greater output. Now
move the rotor so the second rotor
segment meshes with the stator (note
the frequency value on the station
dial), set the signal generator to this
value, and bend the segment for max-
imum output. Repeat this operation
until all segments are adjusted.

ALL-WAVE RECEIVER
ALIGNMENT

With an all-wave superheterodyne,
the i.f. stages are always aligned first
in the usual manner, then each r.f.
range is considered independently.
Often the band-switching circuits in
an all-wave receiver will make it nec-
essary to align the bands in a definite
order, as set forth in connection with
typical circuits discussed now.

Independent Bands. Fig. 7 shows
a conventional, highly flexible prese-
lector system for all-wave reception.
One stage of r.f. amplification is used
in all bands except the highest one,
where an additional r.f. stage is em-

ployed. Each tuned circuit in the pre-
selector has a high-frequency trimmer
C. When a different range is switched
in, another set of high-frequency trim-
mers is used. Hence, the adjustment
of C for one band in no way affects
another band.

The oscillator circuit for each range
has its own high-frequency trimmer
C and its low-frequency padder X.
The tracking alignment may be car-
ried out in any order desired, as the
bands are completely independent.
Follow the usual procedure for each
band, adjusting at the high and low
ends. If you decide to bend rotor seg-
ments, remember you may do this for
only one range and that range mus.
be aligned first.

You may find a receiver with this
preselector system which has trimmer
condensers on the gang of variable
condensers. Check to see which range
does not have the high-frequency trim-
mers on the coils and align this band
first, using the trimmers on the ganged
condensers. As a rule, they will be
used for the highest-frequency range.
If you use them to align the wrong
band, you may add so much capacity
into the circuit that the trimmers in
some other band cannot be reduced
sufficiently to make an alignment.

Cascade Alignment. A number of
manufacturers wind all preselector
coils on one winding form and all os-
cillator coils on another coil form.
This reduces costs but introduces a
problem in alignment that you should
recognize. Such a construction is used
in the circuit shown in Fig. 8. Oscil-
lator coils Ls, Ls and Lg are all wound
on one coil form; preselector coils, L,
L,, Ly and broadcast primary coil L
are also wound on a single coil form.

Switches SW,, SW., and SW, to-
gether make up the wave-band switch.
In position 1, the receiver is set to the
highest-frequency band. Observe that
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coils Lz and L, are shorted by switch
SW.,, leaving coil L, to be tuned by
condenser Cp. The high-frequency
preselector trimmer is C,. In the oscil-
lator section, switch SW (when placed
at position 1) shorts coils Ls and L,
leaving coil L, to be tuned by conden-
ger Co. The high-frequency trimmer
is C,.

When all switches are set to posi-
tion 2, only coils Ls and L are shorted.
In this position, coil L, is the major
oscillator inductance, but coil L, is
still in the resonant circuit and is also

sw, C

o
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Cs Ls
C7
L
3 cs
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FIG. 8. T.he preselector-oscillator circuits of a
receiver requiring cascade alignment.

included in any tuning performed by
Co. In this case, condenser C, (the
trimmer) has the effect of reducing
the effective inductance of L, for this
band. Similarly, preselector coil L,
is the major inductance but L,-C, are
in the tuning circuit. So, if you ad-
just band 2 first, then band 1, adjust-
ing C, in the latter case will upset the
previous alignment. We must realize,
therefore, that if we align the high-
frequency band first, all other trim-
mers are shorted and of no importance.

STEAM POWERED RADIO.COM

By adjusting bands 1, 2 and 3 in order,
each adjustment made is included in
the next one. That is why we call it
cascade alignment.

To align this all-wave preselector,
we set the receiver at a frequency near
the high-frequency end of the highest-
frequency band, set the signal genera-
tor to the same frequency, and adjust
C, and C, for maximum output. There
is no low-frequency oscillator padding
condenser on this band.

Next, you align the second frequency
band, in this case the L,-C, and L-C,
circuits. Under no condition should
you touch trimmers previously ad-
justed. Set the receiver and signal
generator to a high frequency on this
band, then adjust Cs and C, for maxi-
mum output. Set both the receiver
and signal generator to a low fre-
quency and make a rocking adjust-
ment with C; for maximum output.
Check alignment at the high-frequency
end, adjusting Cj if necessary.

The third or broadecast band is han-
dled the same way, adjusting Cs and
Cs at the high frequency and C, at
the low-frequency points.

Reasonable dial tracking is expected
on band 1, without a padding con-
denser, due to careful manufacture
and the proper choice of the oscillator
coil value. The low-frequency pad-
der C; in the second highest band may
be omitted in some receivers or may
be a fixed condenser. If trimmers are
mounted on the variable condenser,
use them for the highest-frequency
band.

In a cascaded preselector circuit,
slotted rotor plates are not usually
provided, as they can be adjusted only
in the highest-frequency band. If you

try to bend them in the broadeast
band, you upset all previous adjust-
ments, and realignment offsets the
gains obtained in the broadecast band.

Special Data. Identifying trim-
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mers on all-wave receivers is quite a
problem. They may be mounted on
strips in some definite order or they
may be scattered throughout the set.
If at all possible, obtain the manufac-
turer’s instructions for such jobs.
Otherwise, you will have to spend
some time finding the proper adjust-
ments. This problem.is complicated
by the fact that padding condensers,
or even high-frequency trimmers, may
not be used on all bands.

Identifying trimmers by tracing
from the coils may be possible, if the
coils are not in shields and can be
traced to the band-switch or otherwise
distinguished.

If this fails, turn the band-switch
to the highest-frequency band, tune in
a signal and then touch the trimmers
one after the other with a metal screw-
driver. You will hear noises or detune
any signals being received when you
touch the trimmers in that band. Re-
peat this procedure for the other bands
to pick out the remaining trimmers.

Padding condensers will usually
have more plates than the trimmers.
Also, the trimmers themselves may be
larger or have more plates for the
lower-frequency bands.

The manufacturer’s instructions
should give you any unusual data,
such as operating the oscillator below
instead of above the incoming fre-
quency, as is done in a few cases on
the highest - frequency short - wave
band. If you have no instructions,
you should go ahead with the standard
procedure and note results.

Be careful in adjusting the oscil-

lator in the high-frequency (short-
wave) bands, to avoid ‘“cross-over.”
Because the i.f. value is so low, com-
pared to the frequency of alignment
(usually 18 me. or so), it runs the
usual two points of maximum response
close together. Select the setting with
the least trimmer capacity (plates
opened widest) when aligning, to keep
the oscillator above the incoming fre-
quency, then check response at the
low-frequency end of the band.
p You may hear a third signal be-
tween the two strong ones. This re-
sults where the incoming and local
oscillator signals differ by one-half
the i.f. value, producing a signal which
the frequency converter may double.
If you keep the level of the signal gen-
erator down, this signal can be readily
detected by its low output.

Special Alignment Cases

IRON-CORE COIL EXAMPLE

A number of receivers, such as the
battery receiver of Fig. 9, use pow-
dered iron adjustable cores in the coils
to give alignment.

The i.f. is aligned in the usual way
by connecting the signal generator be-
tween grid No. 8 of tube VT, and
chassis. With the signal generator at
the i.f. of 455 ke., adjust cores 4q, As,
A,, and 4, to give peak output.

To make the preselector and local

oscillator track, connect the signal
generator to the antenna and ground
leads and set both at about 1400 ke.,
adjusting Cj first and then C, for peak
output. Note the two oscillator trim-
mers Cs and Cs which are on the
variable condenser. Two were used
by the manufacturer because the
capacity of one was too small. This
shows that you must expect design
features that seem illogical. (The
manufacturer’s service manual tells
us to set one trimmer one full turn off
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the tight or maximum capacity posi-
tion.)

Now shift the signal generator and
receiver dial to about 600 ke., and
adjust core A, first and then core A4,
for peak output. Repeat the high- and
low-frequency adjustments for possi-
ble interaction. In a receiver that is
considerably out of line, the core ad-
justment at the low-frequency end of
the dial is recommended before the
high-frequency adjustment. This is
natural, as the variation in inductance
of L, and L, has the greatest effect
on dial tracking, particularly at the
low frequencies.

Since the preselector has a low-
frequency adjustment as well as the
oscillator, the usual rocking adjust-
ment is unnecessary. If this preselec-
tor or low-frequency adjustment is
omitted, a rocking adjustment may be
required.

VARIABLE-SELECTIVITY I. F.
TRANSFORMER ALIGNMENT

In a high-fidelity receiver, the i.f.
stages are designed for band-pass ac-
tion, usually by providing eritical
coupling between primary and sec-

ondary coils. Fixed band-pass action
is not desirable in a receiver intended
also to receive distant stations through
powerful local or nearby broadcast-
ers. Therefore, a control of selectivity
from peak to near flat response is in-
corporated in such receivers. Several
such schemes are shown in Fig. 10.

In another lesson, you will learn
how band-pass alignment can be ob-
tained by using visual methods—a
cathode-ray oscilloscope technique—
which allows you to see the resonant
response curve of the r.f. system.
Here, we will consider only those sys-
tems where a peak adjustment is made
in the peak position of the system
and band-passing is automatically ob-
tained when set in the high-fidelity
position. Therefore, when a variable
coupling if. transformer is encoun-
tered, set it for selective reception and
align the section for peak mazximum
output.

The theory of these transformers
has been covered elsewhere in the
Course, but let us briefly review their
action:

Fig. 104 shows a double-tuned reso-
nant transformer with variable cou-
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FIG. 9. Movable powdered-iron cores are used as the alignment adjusters here.
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pling between primary coil L, and
secondary coil L.. To make a peak
alignment, set the control for mini-
mum mutual inductance and adjust
the trimmers for maximum output.
Band-pass action is produced auto-
matically as the control is adjusted
for increased M.

When a critically-coupled double-
resonant circuit is peaked, the re-
sponse may be made broad by loading
the circuits with resistance. A third
winding may be used to introduce loss
(equivalent to loading with resistor),
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three resonant circuits, L,-C;, L,-C,,
and L;-C;. When C, is properly ad-
justed, the third winding introduces
reactance into the other two circuits,
so as to provide double peak response.
Increasing the resistance of R there-
after reduces this apparent detuning
of input and output resonant circuits,
and returns the system to peak re-
sponse. Note that this i.f. transformer
will have three trimmers mounted on
it.

To adjust this circuit, R is set at
maximum resistance. Trimmer con-
densers C, and C, are now adjusted
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FIG. 10. Several examples of methods used to obtain variable selectivity.

as shown in Fig 10B. When R is zero,
coil L is short-circuited and, through
mutual coupling, acts as a load on
both tuned circuits, giving broad re-
sponse. When R is at its maximum
resistance value, negligible loading ex-
ists and the circuits can operate with
peak response. To align an i.f. stage
with this i.f. transformer, set R for
maximum value and adjust both trim-
mers for maximum output. Decreas-
ing R thereafter produces band-pass
action.

The circuit shown in Fig. 10C is a
similar band-pass circuit. There are

for maximum output. Resetting R
for minimum or zero resistance, ad-
just Cs for minimum output. .
Some receivers employ a two-posi-
tion fidelity control—a selective anq a
high-fidelity position. Two such eir-
cuits are shown in Figs. 10D and
10E. In both circuits, the selective re-
ception is obtained in position 1, so
use this position for peak alignment.
With the switch shown in Fig. 10D
in position 2, coil turns Ly are added
in the L,-C, circuit, lowering the reso-
nant frequency of the primary cir-
cuit. The primary current flowing in
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Ly and closely coupled to L, is out of
phase with the secondary current and
thus reduces the flux in L,, reduces its
inductance, and increases the resonant
frequency of the secondary -circuit.
This produces double peak response
automatically by resonating one cir-
cuit above and the other circuit below
the i.f. peak value.

p In the circuit shown in Fig.10E,
C, is shorted in position 1, while
condenser C, is inactive; the circuit
is then peaked. With the switch set
to position 2, C, is in series with C,,
reducing the circuit capacity and in-
creasing the resonant frequency. At
the same time, C, shunts C, and thus
reduces the resonant frequency of the
secondary. By proper choice of C,
and C,, this provides double peak re-
sponse.

ALIGNING F. M. RECEIVERS

It is standard practice to align the
i.f. amplifier of an f.m. receiver before
aligning the preselector and oscillator,
just as in a.m. receivers. However, the
if. alignment is somewhat unique in
that the i.f. section up to the input of
the limiter tube is aligned first, then
the output of the limiter and the input
of the discriminator are aligned as a
separate step.

In practically all cases, fm. re-
ceivers use tuned circuits that are
loaded by resistors. Hence, they have
a broad peaked response. For this
reason, it is possible to align an f.m.
receiver by using a standard signal
generator as long as it covers the re-
quired frequency band—the same
kind you would use on an a.m. re-
ceiver.

Since the adjustment of the trim-
mers is relatively broad, we must
have some means of output indica-
tion. The limiter grid current is used
for two reasons. First, the limiter
grid current varies directly with the
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signal strength, so it is an accurate
output indicator. (The limiter holds
the discriminator input constant, and
there is no output from a properly
aligned discriminator when an a.m.
signed generator is used. Hence, an
ordinary output meter is useless.)
Secondly, since the limiter draws a
grid current of 50 microamperes or
more when stations are tuned in, it
loads the preceding resonant circuits.
We must measure the limiter grid
current to be sure it is the normal
amount so that proper alignment of
its input ecircuit can be insured.

A recommended output indicator is
a microammeter having a range of
about 200 microamperes. If one is
used, it should be inserted in the grid
return circuit at the point marked X
in Fig. 11. Tt should be by-passed by
a .05 mfd. condenser.

A vacuum tube voltmeter or 20,000-
ohm-per-volt multimeter can also be
used by reading the voltage drop
across the resistor R caused by the
grid current. The voltage should be
at least .00005 (50 microamperes)
times the resistance of R. The posi-
tive meter lead is connected to the
chassis and the negative lead to the
ungrounded end of resistor R. For
alignment, the signal generator is con-
nected between the control grid of the
first detector tube and chassis. Here
it may be necessary to use a conden-
ser-resistor decoupler to prevent the
first detector tuned circuit from re-
ducing the signal generator output
too much.

The signal generator is tuned to
the if. resting frequency of the set;
this is generally from 10.1 to 10.7
megacycles. (Older sets used 2.1 and
4.3 mc.) Adjust the i.f. trimmers for
maximum meter reading. Reduce the
signal generator output if the grid
current exceeds the range of your out-
put indicator. When you reach the

limiter input be sure that at least 50
microamperes are flowing beforf: you
adjust the trimmers corresponding to
C1 and Cz of Fig. 11.

» Should the if. amplifier be so
badly out of alignment that an out-
put indication cannot be obtained,
you can start with the signal gener-
ator hot probe connected to the con-
trol grid of the last i.f. tube (the one
just ahead of the limiter), and can
then work back a stage at a time,
aligning each stage as you go. Fi-
nally, you can make an over-all i.f.
alignment from the first detector to
the input of the limiter.

ground, in Fig. 11, with the negative
probe at point A. Then adjust con-
denser C; for maximum meter read-
ing. When this adjustment has been
made, remove the meter probe from
point A and connect it to point B,
so the meter is between B and ground.
Now, adjust condenser C, for mini-
mum reading on the output meter.
Theoretically, the reading should de-
crease to zero, but if it does not, use
the adjustment giving the lowest me-
ter reading. It is advisable to reverse
the meter connections as a check, be-
cause the voltage may have passed
through zero and reversed polarity.

>
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When the i.f. amplifier has been
aligned satisfactorily, the output in-
dicator is removed from the limiter
stage. If a microammeter was used
in the grid circuit, close this circuit
when the meter is removed.

p» You are now ready to adjust the
output of the limiter and the input
of the discriminator. Leave the sig-
nal generator connections and its fre-
quency setting just as they were for
the limiter and the i.f. adjustments.
You will need either a vacuum tube
voltmeter or a high resistance multi-
meter as an output meter. Connect
your meter between point A and

B+

FIG. 11. The limiter and discriminator stages of a typical f.m. receiver.

Since many vacuum tube voltmeters
will not read reverse polarities, you
may have passed the zero point w1t-h-
out knowing it. A minimum at point
B, regardless of meter polarity3 com-
pletes the i.f., limiter and discrimina-
tor adjustments, and none of these
trimmers should be touched again.
The preselector and oscillator ad-
justments are made in the same man-
ner as those for the high-frequency
bands of an all-wave receiver. The
output meter is connected again as for
limiter and i.f. adjustments, and all
trimmers should be set for maximum

readings.
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ALIGNING T. R. F. RECEIVERS

Tuned radio frequency circuits, used
extensively years ago, are today found
mainly in a few inexpensive receivers.

There are normally as many sec-
tions to the variable condenser gang
as there are resonant circuits, and each
section is provided with a trimmer
condenser, usually mounted on the
variable condenser gang. Their great-
est influence is at the high-frequency
end of the range and, assuming that
the variable condensers have not
warped or been forced out of align-
ment by a mechanical shock, a single-
point alignment usually suffices. An
a.c. voltmeter is usually used as an
output meter, connected in the a.f.
amplifier as for a superheterodyne.

Employ a signal of about 1400 ke.,
either from a signal generator or a
local station. Set the receiver dial
exactly to the frequency of the test
signal. Then adjust all trimmers for
maximum output. Go through the
alignment at least twice. Check sen-
sitivity at a low frequency to verify
normal alignment at this end of the
range. If sensitivity is low, you may
then consider bending rotor segments
for better alignment through the en-
tire range.

ALIGNING SUPERS HAVING RE-
GENERATIVE SECOND DETECTORS

In some inexpensive superhetero-
dynes the second detector is regenera-
tive. The amplification and selectiv-
ity so gained makes it possible to omit
the i.f. amplifier tube and still obtain
fair results. In such a set, the output
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FIG. 12. Regeneration is used to increase the
i.f. gain.

of the first detector is fed through the
i.f. transformer into the second de-
tector input. The second detector cir-
cuit is shown in Fig. 12, the remainder
of the receiver being conventional in
design. When aligning a set of this
type, the regeneration condenser is
adjusted for minimum capacity (least
regeneration), and the i.f. trimmers
for maximum signal output. The re-
generative condenser is then adjusted
until a squeal or howl is heard, after
which the control is backed off just
enough to stop the howl without re-
ducing the output too much. Regen-
eration condensers are generally con-
trolled by a fiber nut which may or
may not be colored red.

Whenever the second detector tube
is changed, readjustment of the re-
generation control is necessary. Do
not go through the entire alignment
procedure; just throw the set into os-
cillation, back off the control until
oscillation ceases and give the control
an extra 1/4 turn in the minimum
capacity direction.

A 4

finish them, as instructed in the Study Schedule.
the greatest possible benefit from our speedy personal grading service.

Lesson Questions

Be sure to number your Answer Sheet 39RH-1.
Place your Student Number on every Answer Sheet.

Send in your set of answers for this lesson immediately after you
This will give you

. In a pentagrid-converter, is the oscillator grid resistor value increased

or decreased to restore operation at the low-frequency end of the band?

. What produces the interference called “i.f. interference”?

. Name three defects which could cause reception of stations only at the
high-frequency end of a tuning band.

4, When the oscillator tuning condenser has specially-cut plates and the

oscillator coil is an air-core type, would you expect to find a low-frequency
adjuster in the oscillator circuit?

. Can an a.c. meter be used as an output meter between point a and chassis
of Fig. 6?

: Supp;)se your a.c. meter is not accurately calibrated at 400 cycles. Could
you use it for an output indicator?

7. Briefly describe the procedure known as “rocking.”

8. How can you avoid getting the oscillator frequency below the incoming

signal frequency when making a high-frequency adjustment?

9. Why is rocking unnecessary for the circuit shown in Fig. 97

10. Briefly give TWO reasons why the limiter grid current should be used for

the output indication in an f.m. receiver. .
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TICK—AND YOU’LL WIN!

“How can I be a success?” The simplest answer
to that question is “finish whatever you start.”

Until success is attained, the individual tasks con-
fronting you are relatively unimportant in them-
selves. The really important thing is their effect
upon you, what you learn from them, the practice
in succeeding that you acquire in accomplishing
these tasks.

We can always find plenty of reasons for quitting,
but what do we accomplish, what do we learn by

quitting? We only learn how to quit—how to fail.

If success in any undertaking is dependent upon
effort (and we all agree that it is), then the more
effort we make, the greater our success. You may
not be able to trace the success present in every
effort, but it is there just the same. You don’t
attain success in one jump. You succeed by degrees,
and the degree of success is in exact proportion
to the degree of effort.
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